R -

RB No. 4B21

_ NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

IME RE!

ORIGINALLY ISSUED

February 1944 as
Restricted Bulletin 4B21

SOME NOTES ON THE DETERMINATION OF THE STICK-FREE
NEUTRAL POINT FROM WIND-TUNNEL DATA
By Marvin Schuldenfreil

Langley Memorial Aeronautical Lsboratory
Langley Field, Va.

WASHINGTON |

\\.
NACA WARTIME REPORTS are reprints of papersoriginally issued to provide rapid distributicn of
advance research results to an authorized group requiring them for thé war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-
nically edited. All have been reprod}eeﬂ”-without chn{‘e in order to expedite general distribution.

L -25



3 1176 01364 9737

I-251

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESTRICTED BULLSTIN

. - SOME NCTES .ON THY DETERMINATIOW OF THE _STICK-FREE
MRUTRAL POINT FROM WIND-TUNNEL DATA
By Marvin Schuldenfrel

SUMMARY

The effect on statlc longltudinal stabllity of
freeing the elevator 1s ghown to be similar to the effect
of altering the slop2 of tne tall 1ift curve by a factor
that depends upon the aerodynamic characterlstics of the
horizontal tsll surfaces. Ths stick-~free neutral point
may then be determined from stlck-tixed date by tuking
account of the reductlion of tail effactiveness.

Two graphlcael mathods for dztermining the stick-free
neutral point, whilch are extenslorns of the mcthods
commonly used to determine the stlck-flaed neutral point,
are presentsd. A mathematicel formula for computing the
stick-free neutral point is also ;lven. These .nethods
may bs applied to determline wupproximetely the Increcese 1In
tall size necessary to shift the neutral point (with
stick free or flxed) to &ny Aesired locetion cn an &lr-
plans having 1lnadequate longlitudinal stabllicy.

INTRCODUCTION

The stlck-fixed neutral pecint was defincd 1In
reference 1 as ths center-of-gravity locatlion at wizich
the stability, as measurecd %y thos slope of the curve of
pltching-momont coeffieclent ¢, plotted agalnst 1lift
coefficient Cy, 1s neutral witih the airplane trimmed.
The conditlons are stated mathematlcally as
dC,/dCy, = 0, Cp = 0. Thls center-of-gravity location
is the limiting (most rearward) locatlon at which varla-
tlon of trlm speed wlth elsvator deflectlon &g 1s

conventional (that 1s, up deflection of the elevator
decreases trim speed and down deflectlion of the elevator
increases trim speed). The condlition thus defined 1s
d8g/dCy, = O.



Elevator deflection alone, however, does not neces-
sarlly determine the varlation in stick force that willl
be felt by the pllot. The stlck forces required to
change speed are made up of two components: that due to
direct elevator deflection, and that due to the change
In angle of attack at the tell when the attltude of the
alrplane changes In response to the control deflection.
The stick-force verliation with respect to speed, conse-
quently, depends upon both dCp/ARa; end 3CLf8g of
the tail, where 0C,/day 1s the rats of change of

elevator hinge-moment coefficient with tall engle of
attack end 00CL/86, 1s bthe rato of chango of elevator

" hinge-moment coefficlent with elevstor deflectlon.

The neutrel point with ths stick tree (elevator
free to float) is related to that with the sticlk fixad,
for the conditlons to te met with the stizk free ere,
mathematically: dCp,/dCy, =0, 2m =0, Ch = 0. The
conditicn thus definsd 18 dop/d0p = 0, where &p 1is

the trim-tab deflection. Y“he present pasper shows how
the third condltlon Cp = 0 wmay be talen into account

as an extension to the methods of deterriining the stick-
Fixed neutrsl poiut of refarernce 1.

For the purposes of tihls revort 1t 1s assumed that
ACp/06e and o0y /Oar are ccnstant at any perticular
1ift coefflcient belng Investigated rogardless of the
ar.gle of attack at the tall or the elevator deflectlon,
that tab deflection has negligible effect on tall 1ift,
and that the elsvetor i1s statlically baianced. The
other qualifications 1n the use of the methods are glven
In reference 1. Thes symbols ussd in this paper are
defined as they occur in the text and are summarized 1in
the avpendlx,

TATL EFFECTIVENESS WITH FREE ELEVATOR

The piltching momsnt contrlbuted by the tail and the
Increment of stability contributed by the tall are seen
to be directly proportional to the slope of the tall
11t curve ath/Bat from equations (17) and (18),

appendix A of reference 1.
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The relation between the slope of the tall 1ift
curve with elevator fixed and the slope of the tall 1ift
curve with elevator free may be found as follows: In
generel, wilith the elevator fixed, and at any dynamic
pressure,

OCy, - 8¢
_ Ly It
Cry = Sag ot + "53;5e (1)

and the assoclated hinge-acaent coeffliclient with elevator
statically balanced 1is

3,  3C, ¢y
G, = = + —— + —=8 2
b~ %t Bs, °  86p T (@)

If the elsvator 1s allowed to floast, with a flxed trim-
teb setting, the left-hand member of squation (2) may be
equated to zero, whence

oC oC
L h
%y Ot ey T
56 = - + (3)
O %m
08¢ 08,

Combining equations (1) and (3) ylelds

oGy, dCy,
_ 0L, 3Cr | Jay % BEEﬁT
CL‘l:f - aat et - ?5-9_ aCh * BCh (h')
TR 06,

If equation (L) 1s differentiated with respect to ay,

6CLt -b_c_h-
(‘ic_Lz o %y 38g 3% (5)
5a, /), ey &Cp

36,




i

The ratio of (dCp /day), to 4o, /day 1s then

d

( "Ly 20y vy,

-5at r 6 60’1;
3¢y " é&c (6a)

Ly Ly 0Cp

day da; obg

which n8y be written as

k=1-R (€b)

where

th 11ft coefficient of horlzontel teill with elevator

fixed

th 11ft coefficlent of horizontel tall with elevator
f

freec to float

Cn, elevetor hinge-umoment coefficlant

ay engle of atiack of tall with respect tc reletive

wind gt tell

chord line
S - tab deflection with respect

3Cy, rate of change of tall 1ift
t angle of atteck, elevstor

dCy, \ rate of change of tail 1lift
‘L engle of attack, elevator
£

6th raete of change of tall 1ift%
elavator deflectlon Q
366 >t

elevator deflectlion wlth recpect to stablllizer

to elevator chord line
ceafficlent wlth: tail
Fixed

coefficlent with tail
frec

cogfflclent with
figed
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_éch rats of change of elevator hinge-moment coecfficient

- with tall angle of attack, "elsvator and tab filixed

6Ch rete of change of elevator hinga-momént coefficlent

YN wlth elevator deflectlion, angle of attack and
e tab flxed
dC,, rete of charge of elevator hinge-woment coefficient
Y with tab deflectlon, engle of attazk and elevator
T deflectlion fixed An
u-r
k elevalor-frec effectlveness factor
éat éat

ath/éae oy ot

afCL_L7a a-b JL/O Cc

It may te 3een frrm e4-ntions (&) that the effeciive-
ness of the tsll ulth J<.- r free in rroiucing ift
(and nence =slebility ail sicekines romant) 1s relaled to
the 3ffectl—eresa c¢f %he tail wich elewator I'ixet1 Ty a
fector k  depenlent apen tho aarcdynaulce clhiaracherlstics
o' the rorisontal tall erd elevator., FPurtiier, it may
be sezn that thls tector 1s indenendent of Jhe trim-tuh
settlnpg, stebillzer seiting, &and dyna.aic preansure at the
tall, if the dynamic-pressure racio 13 {felrly unilorm
over the tall.

The nsutrel point with the siick freec uaay tien be
determired by rsctifying data from conventloral tests
with elevator fixed accordilup to the factor glven 1n
equations (6).

DETERMINATION OF STICK-FRLZ NEUTRAIL POQIRT
Method I
Assume that conventional pitching-momeﬁt curves of
the form shown in figure 1 have been obtained for a model

with elevator fixed. (Thesg curves are for a flctitious
alrplane.) i



Tt has been shown in reference 1 that, if (dcm/ch)
X
1s plotted against cm/'cL for two elevator (or stabilizer)

settings at a given ¢ (flg. 2), the location of the

center of gravlity for neutral stability 1s the point
where (:dcm/ch)y 1s equal to C_/Cy; that 1s, the neutral

point 1s the polnt of intersection between s straight line

connecting these two plotted points and a llne having the

equation Qacm/acL) = Cp/Cy+ In flgure 2, the neutral
X

point 1s gliven in chords forward or reaerward of the center
of gravity about which the data are glven, depending upon
whether Cp/C; 1s positive or nsgetive at the point of

intersection. The value of dC,/dC[, &and Cp/C;, for

the tall-off curve 1s now plotted in figure 2; the values
are taken at the same CL as f'or the two elevator set-

tings. For this example, C; 1s selected as 1.2.

From figure 2, it 1s apparent that the contribution
of the tall to staebllity 1s the difference in ordinates
between the tall-off and tail-on pclnts plotted, whereoas
the contribution of the taill to pltching moment (plotted
8s Cp/Cy) 1= the difference in absclssas. If, then,.

the actlion of freeing the elevator 1s represented by a
decrease 1n tail effectiveness as has been shown, these
values of the differences in ordlnates end absclssas may
be multirlied by the elfectiveness factor k. The
result ottained 1s the equlvalent of multiplying by k
the length of the dashed lines a of flgure 2.

As an example In the use of this method, assume that
the fecllowlng aerodynamlc characterlstics have been
determined for the tall of the airplane of figure 1 (the
methods for obtalnling these characteristles will be
discussed later):

d = -0.0012 dcy /oay = 0.0630
Cn/oay, . /0%
00y,/06, 0.0340

-0.0030 ath/aae

Then, from equations (6),

-0.0012 0.03L

k=1 - 25,0020 0.068

0.80

_
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and
R = 0,20

which Indicates that the slope of the teill 1lift curve
with the elevator free is 80 percent of that with the
elevator fixed. If thls factor is applied to the
dashed lines of figure 2, & new line 1s obtalned; the
Intersection of this line with the line

(dcm> _Cp
4/, CL
determines the stick-firee nsutral point. From figure 2,
it mey be seen that the stl.clk-free noutral point is for-

ward of the stick-fixed neutral pcint ebout 0.05L
(or 5.4 percent) of the mean asrodynamlc chord for this

example,

Method II

It has heen shown in reference 1 that, 1f the tan-
gents to two or more elevater (or stahilizar) curves at
a glven 1ift coefficlent are extunded until they uneet
(fig. 3), the slope of the line drawn from this noint of
Intersectlon through (Cp = 0, Cr, = 0) glves ths loca-

tion of the stick-fixed neutrel noint irn chords forward
or rearwerd of the center-ol-gravity locatlon about which
the date ere computed. The priunciples invoived are the
same as those used to obtaln neutral polnts by the method
of figure 2.

It can ke shown that, 1f the tangzsnt to the tall-ofrf
curve at the Cj, under conslderation is extended to a
point havingz the same absclssa as the point of Inter-
sectlon of the tangents to the elevator curves, the
dlfference in ordinates of the two polnts b 1s pro-
portional to the elevator-free effectiveness fector k
(fig. 3). Tor the fixed-elevator condition, X = 1.0.
Wlth the elevator free, the velue of k determines a
new polnt through which to draw the line through
(Cp = O, Cr, = 0) 1in order to find the neutral point.
For the example under considoratlon (fig. 3), the dif-
ference between stick-fre. end stick-fixed nsutral points
i1s agaln seen to be equal to 5.) percent of the mean
aerodynamlc chord.

Method III

A mathemstlcal analysis to determine the shift In
the nsutral point due to freelng the slevator, which
takes irnto account the variation of dynamic-pressure




ratio at the taill, has been made 1n reference 2. The
neutral-polnt shift has been shown to be

where

p

npf

Anp

o0y,

A

oat

Anp =

< qo"C'x7d_a( )

= (7)

da;/ac
1 :
. qt;in :
Cr,

neutral-point locatlon, chords behlind leading
edge of mean eerodynamic chord, stick fixed
(xo in reference 1)

neutral-point location, chords behind leading
edge of mean aerodynamic chord, stlick Iree

shlft 1in neutral polnt due to freelng elevator
(Pre " ")

increase in slope of tall 1ift curve due to

QCL{\
freeing elevator 'R'SE /

S+ 1
tall volunme 75 —%)

c

horlzontal tall area

wing arsa

tell arm

mean eerodynamic chord of wlng

average dynamlc pressure at tall compared wlth
free-stream dynamlc proessure




L-251

a5

da; rate of change of Qqi/d4, with alrplane OCp,
dc;
dCy, 8lope of 1ift curve for complete airplene
da
de rate of change of average downwash angle at
da taill wlth alrplane angle of attack

If qt/q, has the constant value 1 (as for
windmllling conditions), eqQuation (7) reduces to

6CLt

_ v _ae
An, = ABat dc1/da (1 da) (8)

Inasmuch as

C""l dCLt
dit dCL
A = ’ 10
n, s (10)
- 4t/9,
CL
where
acn, rate of change of pltching-moment coefficlent
ai. with stabllilzer angle, at any perticular
t alrplene Cp, elevator fixed
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day rate of change of tall .angle of attack with

ac
elrnlene 11ft coefflclent (;”L/a;>

METHODS FOR DETERMINIMNG TAIL CHARACTERISTICS AND FACTOR R

Aerodynemic characterlstics, such s &/ and
dCp/d8y, mentiored in the present peper (except for
dCp/diy 1in equations (9) and (10)) were based on actual
dynamic pressure at the tail. Trus thess would be the
values found in tests of an l1lsolated tall surface. In
tests of a complets mocdel, however, the dynamlc pressure
at the tail wlll influence the hinge moment end 1ift
produced per degree of elevator or stabilizer varlation;
and the dynamic pressure willl vary, In general, with
alrvlance attltude. It 1s tlen necessery to determine
the value of' ths tell cliaructeristics and R under
conditions where qg/q, at the tail varies, as 1t would

on the actuel elrplanc.

Thebvalue ol the factor 3 hes been shown to be
3y, /Aay °Cr.foe 3oy, Aa
6Ch/% t = hbée . Th=s ratio SFhﬁggE i1s independent of
n/Cd Cr, [Cay VALE 3c, fda,
the dyjnamic-pressure ratilo. The value of ————— may
6Ch/eﬁe
be determinsed from elevator and stabilizer tests by taking

the ratio at any 1lift ccefficlent or finding the aversge
at several 1ift coefficients of the alrplans, if the

hinge-moment- coegpic?ent variation 1s linear. By the
CL /35
same ressoning — bt/ "¢ is independent of q¢/q, at

the tail 1f it 1s assumed that qt/3, 1s fairly uniform
over the tall span and, further, Cth/Eﬁe 1s directly

proporticnal to d4cC,/diy.  Thus

501,;/6% _ dC,,/d6e
oC, /%a dc,,/dl
Lt/ t: m t
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aCp,/48¢
_dc,/ai,
alrplane 1lift coefflclent.

and the ratlo 1s constant at any value of

If the actual values of dCp/dat and dCp/dbe

(with respect to the actuval value of the dynamic pressure
at tho tall) are desired from wind-tunnel data obtalned
from tests of complete models, they may be found from
the relationshilp

6Ch - (6Ch/656)exn
03, /a0

end, similarly,

3y _ (2on/1s)exp
day Q4/q,

If the values for cht/dﬁe &nd dc]-_,t/dat -ere desired .
from wind-tunnel deta, the followlng relatlons apply:

AC.
Oy o /a1y
Ser 9y,
90

and, similarly,

00y  dcy,/ase
bae EEV
q'O

DISCUSSTICY OF MITHODS

It may be advantageous at this point to Indlcate
the physical significance of the operatlons performed by
these methods for finding the stick-free neutral point.
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Basicelly, it 1s desired to obtaln two or more curves of
Cm plotted egainst (7, for the model with the elevator

free to float., Pecause, with the controls free, an alr-
plane must fly with zero elevator hinge moment, flight
speed cor attitude can be changed only by varying elther
center-of-gravity location, trim-tab setting, or stab-
1lizer Incidence, for any particunlar airplane conflgura-
tion. Control-free fllight may be reproduczed in the
wind tunnel by obtalning two or miore pltching-morent
curves wlth the elevator free with dliferent trim-tab
settings (or stabilizer incidsances), ard the neutral
points wlth the stick free may be found dlrectly by the
methods of refsrence 1.

This procedure mey also be used 1n flight to
determine neutral points with slevator free. The air-
plane may be flown with several center-of-gravity loca-
tlons and the trim-tad settings requlred for trim may be
detsrmined throughout the speed rangs. Because an
alrplane cen fly steadlly only with Cpm = 0, the out-of-

trim pltching-moment curves as obtained from wind-tunnel
tests need not he determined. The neutral points may be
determlned dlrectly as ths center-of-pravity locatlons at
which the varlatlon of tab angle reduired for trlm does
not chenge with speed (d67/dCp = 0). Similar tests cen

be made with a wind-tunnel model 1f the elevator 1s
statlically belanced and allowed to float freely with the
tab at varlous settings. The pltching-moment curves
obtalned might then be handled in the manner descrilbed in
reference 1 for the dcterminetion of stick-fixed neutral
polints, This method has been avoided, in general,
because of the necessity for Increasing the length of the
test program but may be tlhe only satlesfactory mothod to
follow for models having nonlinear hilnge-moment character-
1stiecs. .

By epnlying the methods previously described 1t 1s
possible to determine the stick-free characterlstica
graphically or methematically from the stick-flxed
characteristics, provided that the hinge moments cf the
elevator have been determined during the elevator-fixed
tests made with various stabllicer and elsvetor settings.

Although the 11ft characteristics of the tall of
wind-timnel models have becen found to represent falrly
closely those of the tall of the ectual alrplane, the
hinge moments have been found to be critically dependent
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upon the accurate representatlion of the tall-surface
dimenslions, wlth respect to such detalls as gap, thilck-
ness, and traelling-edge angle. Further, the effect of
scale may dlistort the model hinge-moment characterlstlcs
even 1f the tall confliguration 1s reproduced with the
meximum of eccuracy. It has, consequently, been found
desirable at times to test 1lsolated tall surfaces of
relatively large scale and to apply these data 1n con-
junctlion with small-scale complete-model data to
estimations of flying qualities of the alrplane. It 1s°
apparent that the aerodynamlc characteristics of the
large-scale tal]l surface with respect to stick-free
stablllity may be represented to a falr degree of accuracy
by determlning the value »I the constant k. The effect
of the free-floating elevator on the locatlon of the
neutral point may than be found by the methods described
1f the tall-fuselage interference effects are approximated.
The elfects of tail-fuselage Intsrference have not been
sub Jacted to rational analysis. Some approach to the
Interference effect may be made by testing the large-
scals tall surface in the pressnce of & stub fuselage,
for conventlonal alrplanes, or in the presence of stub
booms, for twin-boom alrplanes. If such tests are not
posslble, the effect must be sstimated.

The effectiveness of a tall surface as measured by
the slope of the tall 1ift curve with elevator fixed may
prove to be different in the tests of a large-scale tall
model from that obtained from tests of a small-scale
complete model. In this case the effects mey be taken
Into rccount and the wind-tunnel results corrected graph-
lcally by considering that the dlfferonce 1ls due to an
Increase 1n the factor kS% or mathematlcally by the use

: C L
of equation (7) where A?ﬁﬂ? is the increase or decrease

in 0Cp,/Oay obtained from tests of the large-scale

surface over that obtalned from tests of the small-scale
complete model. Also the size of the tall surface needed
to shift the stick-fixecd neutral polnt to any desired
location may be determired approximately by consldering

a larger surface as haviner an Increased effectlveness

and solving graphically or oy equatlon (7) again.

Langley Memorilal Aeronautlcal Labofatory,
Natlonal AdvisorX Committee for Aeronautles,
Langloy Field, Va.



APPENDIX
SYMBOLS

pitching-moment coefficient

1ift coefficlent

11ft coefficient of horlzontal tail, elevator
f'1xed

1ift coefficient of horizontal teil, elevator
Tree to float

elevator hirnge-mnment ccefficlent

angle of attack of tall with resmect to relative
wind at tall

elevator defiectlon with resnect to stabllizer

chord 1ine (positive with T, E. down)

tab derflection with respect to elevator chord
lins (positive with T.E, down)

rate of change of tail 11it coefflcient wlth
tall englc cf attack, elevctor fixed

rate of change of tall 1lift ccocefficlent wilth
tell angle of attack, elevator free

rate of change of taill 1ift coefficlient with
elevator dseflection, a fixed

rate of change of elevatcr hinge-roment coef-
flclent with tall angle of attack, elevator
end teb fixed

rate of change of elevator hinge-mcment cosf-
ficlent with elevator defiection, eagie of
attaclz and tab rixed
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oC
5—13 rate of change of elevator hings-moment coef-
& - - -ficlent with teb deflection, angle of attack
and elevator deflection fixed

k olevator-free effectiveness factor (1 ~ R)

x original center-of-gravity location about which

data are glven, chords behind leading edge of
mean aerodynamic chord

neutral-point locatlion, chords behind leading

n
P edge of mean acrodynamic chord, stick filxed
(xo 1n rcfercince 1)

n;, neutral-polnt locatlon, chords behind leading
f edge of mcan asrodynamlc chord, stick free
Anp shift in nsutral point due to freeing elevator

("pr - Pp)
oC
AT&E} increase in slope of tugl 11ft curve due to

freeing elevator 'RTT“—

S¢
v tall volume (S )

Sg horizontal tell area

S wlng area

1t tall arm

c mean serodynamic chord of wing

1t angle of incidence of stablllizer (stabllizer
setting) with respect to horilzontal reference
line of model (positlive with T.E. down)

at - averege dynamic pressure at tell compared with
E— free-stream dynamle pressure




q

dq—t

-2 rate of change of qy/q, with airplane

dGL

dCr, '

ra slope of 1ift curve for complete elrplane

ae rate of change of average downwash angle at

do tail with airplane angle of aiteck

aCp . :

qi rete ot change of pltching-moxent coefflicient

t with stabllizer anzle at any particuler

airplane C(j, elevator fixed

ACpy .

—_— rete of change of piltchling-moment coefficient

dbg with elevator sngle at any particular airplane
Cr,» stabilizer angle fixed

dat

—_— rete of change of tall esnpgle of attasnk with

dCL aed
airplane 1lift coefficlent 1- da

dGE?da

Suvbscripts:

1,2 elevator settings

x referred to center of gravity about which data

exp

are presaented

experimental values
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Figure 3.- Graphical determination of stick-free neutral point by intergection method. 1y = Q%
bcjoa.t = -0.0012, dCn/d8e = -0.0030, ath/Omt = 0.068, bth/ose = 0.0343 k = 0.80.
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